Abstract: We demonstrate a silver nanowire (AgNW) grating placed on a SiO 2 layer. Comparing with the transmission spectra of the AgNW grating or the SiO 2 layer only, an obvious transmission dip is observed in our proposed structure. The transmission dip is caused by the period induced effects (PIE). Then, we investigate the physical mechanism of the PIE phenomenon through analyzing the electric field distribution. At last, we can find that the quality factor of the transmission dip decreases as the radius r increases, and the transmission spectrum shows red shift when the period P increases. Our research may provide guidance for the fundamental research of the plasmonic nanowire grating applications.
Introduction
Surface plasmon polaritons (SPPs) is an electromagnetic wave propagating along the surface of metal and media, which are widely researched in recent years [1] . Such as plasmon induced transparency (PIT) [2] - [6] , breaking through diffraction limit [7] and the extraordinary optical transmission (EOT) [8] , [9] as well as sensing properties [10] , [11] . They found that the coupling distance, size of structure and the dielectric environment have important effects on SPPs. Therefore, many kinds of model, have been investigated in recent literatures through both the simulation and experiment methods, such as nano-particles [12] , [13] , nanowires [14] - [16] and so on. In the structure we talked about before, the nanowires have important applications in photonic devices because of the small mode volume, localized resonant modes, and long photon life-times. More particularly, Silver nanowire (AgNW) not only can support localized surface plasmon resonance (LSPR), but also can support SPPs. The optical properties of the AgNW gratings have been discussed in recent articles, such as AgNW placed on glass [17] , or in air [18] and on photovoltaic solar cells [19] , [20] . Period induced effects (PIE) is a physical phenomenon, which is a periodic setting of the upper structure, and then make a strong resonance effect in the lower layer. However, few research articles aimed at discussing the PIE phenomenon, and the PIE phenomenon is rarely investigated in the periodic AgNW gratings placed on the SiO 2 layer.
In this letter, we firstly introduce the PIE to describe the transmission dip in an AgNW grating placed on a SiO 2 layer. Then we increase the thickness of the SiO 2 layer from 200 nm to 600 nm, we can find that the number of the transmission dips increases to 3. At last, we can find that the quality factor of the transmission dip decreases with the increasing of the radius of AgNW, and the transmission dip shows red shift as the period P increases. Fig. 1(a) shows AgNW grating placed on a SiO 2 layer. w is the thickness of the SiO 2 , r is the radius of the AgNW, P is the period of the AgNW at the direction of x. The permittivity of silver is described by
Structure Model
, with ω p = 1.38 × 10 16 rad/ s and γ p = 2.73 × 10 13 rad/ s [21] . The permittivity of SiO 2 is referred from the Handbook of Optical Constants in Solids Academic [22] . The transmission spectral responses are simulated through the finite-difference time-domain method [23] . The spatial steps are set as x = y = z = 1 nm. The polarization of the input plane wave is along the direction of the AgNW. We perform the simulations with a perfect matched layer boundary condition at z direction, and periodic boundary condition at x and y direction. Fig. 2(a) shows the transmission spectra of a SiO 2 layer, an AgNW grating or an AgNW gratings on the SiO 2 layer. The red line investigates the transmission spectra of the SiO 2 layer with w = 200 nm, and the black line shows the transmission spectra of an AgNW grating with r = 50 nm, P = 500 nm. We can find that the transmission basically keeps over 90 percent. The blue line exhibits the transmission spectra of an AgNW grating placed on the SiO 2 layer with w = 200 nm, r = 50 nm and P = 500 nm. A transmission dip is observed at the 595 nm. Observing from the three lines in Fig. 2(a) , we can find that the transmission dip is caused by the periodical AgNW placed on the SiO 2 layer. In other words, the transmission dip is caused by the PIE. Then we investigate Fig. 3. (a-c) The electric field of the transmission spectra in Fig. 2(a) at 595 nm. Fig. 4. (a-b) The electric field of the transmission dips in Fig. 2(b) . (c-e) The electric field of the transmission dips in Fig. 2(c) .
Simulation and Analysis
the transmission spectra when the thickness of SiO 2 layer increases. Fig. 2(b) and (c) show the transmission spectra of the periodic AgNW grating on the SiO 2 layer with w = 400 nm, 600 nm, respectively. Comparing with Fig. 1(b) , we can see the number of transmission dip increases to two when w = 400 nm, and three dips when w = 600 nm. This is an interesting phenomenon.
In order to discuss the physical mechanism of PIE, we plot the electric field of the three cases of Fig. 2(a) at 595 nm in Fig. 3(a)-(c) , respectively. The resonance modes can be denoted by TM uv , where u and v denote the number of node of standing waves in x and y directions. Using the definition of the resonance mode, we discuss the optical properties in our proposed structure. We can see the TM 31 resonance mode is formed in the SiO 2 layer because of the present of the periodical AgNW gratings placed on the SiO 2 layer. Our research results show the PIE phenomenon in AgNW gratings placed on SiO 2 layer. So as to discuss the mechanism of the two dips in Fig. 2(b) , we plot the electric field of transmission dips of Fig. 2(b) in Fig. 4(a) and (b), we can see TM 33 and TM 31 corresponding to the dips at 541 nm and 668 nm, respectively. In the same way, we discuss the electric fields of three dips in Fig. 2(c) in Fig. 4(a) , 4(b) and 4(c), we can find the different dip is caused by the different resonance mode. Because of the thickness of the SiO 2 layer increases, the mummer of mode in y direction increases. These research results make the PIE phenomenon clear.
At last, we investigate the transmission spectra as a function of the radius of the AgNW and the period of the AgNW, respectively. Fig. 5(a) shows the influence of the radius r on the transmission spectra, we can find the transmission line shape remain the same with the increasing of the radius r. However, the quality factor of the transmission dip decreases as the radius r increases. The radius r increases, so the loss of the surface plasma increases, thus, the quality factor of the transmission dip decreases. Fig. 5(b) shows the transmission spectra as a function of the period P, we can find that the transmission spectra shows red shift when the period P increases. The red shift is also a typical phenomenon of the PIE, because the period P of the AgNW increases, the wavelength of the resonance mode in the SiO 2 layer is also increases. Our research results help to realize the PIE phenomenon better. 
Conclusion
In conclusion, an AgNW grating placed on a SiO 2 layer is proposed in our paper. Comparing with the transmission spectra of the AgNW grating or the SiO 2 layer only, we can see an obvious transmission dip in an AgNW grating placed on a SiO 2 layer. The transmission dip is caused by the PIE. PIE is a physical phenomenon, which is a periodic setting of the upper structure, and then makes a strong resonance effect in the lower structure. At last, we find that the quality factor of the transmission dip decreases as the radius r increases, and the transmission spectra shows red shift when the period P increases. PIE phenomenon may provide guidance for the fundamental research of plasmonic optical applications.
